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Introduction 


Physics is a branch of science that has its uniqueness and characteristics. 
The uniqueness of physics lies in the existence of concepts that are abstract 
and require idealization through mathematical modeling. This makes physics 
conceptually justified as a difficult subject, both to be learned and taught 
(Hofer & Pintrich, 1997; Mulhall & Gunstone, 2012). Some of the main obstacles 
faced by students in learning physics include: the low ability to explain the 
principles of physics qualitatively (McDermott, 1993), misconception (Duit, 
Niedderer, & Schecker, 2007), the low ability in solving physics problems (May 
& Etkina, 2002), low conceptual understanding (McDermott, 1993; Osborne, 
Simon, & Collins, 2003), and low motivation as well as low active involvement 
in learning physics (Tran, 2012). 

Researchers in the field of science education try to explore the factors 
that affect students’ learning process, especially in the field of physics by 
not only submitting observational evidence, but also involving a multi- 
perspective framework to understand, describe, and convey the role of a 
social and individual aspect on students’ learning process (Otero, 2003). 
One of the individual aspects that plays an important role in the process 
of knowledge construction is a set of beliefs that students have about the 
characteristics of knowledge and how to acquire that knowledge (May & 
Etkina, 2002). Youn (2000) defined beliefs as implicit assumptions held by 
students about the source and certainty of knowledge and how to obtain it. 
This means that beliefs can be identified as a reference to learning, whereby 
knowledge acquired by students is generated from the cognitive process. 
Fishbein and Ajzen (2010) explained that these beliefs have a significant 
impact on individuals’ attitudes, and finally, these attitudes influence 
individuals’ behaviors. 

Hammer (1994b) categorized students’ beliefs about physics and 
physics learning in a continuum on three aspects, namely (1) beliefs about 
the structure of physical knowledge (pieces - coherence), (2) beliefs about 


https://doi.org/10.33225/jbse/19.18.389 








JOURNAL 
OFe*BALTIC 
SCIENCE 
EDUCATION 


ISSN 1648-3898 ris, 
ISSN 2538-7 138 jonine, 


Abstract. Studies of correlations 

between students’ beliefs and various 
aspects of student learning become one 
of the fastest growing research areas in 
the field of education and psychology. 

The aim of the current research was to 
analyze the correlations between learning 
environments, students’ beliefs, and self- 
regulation in learning physics through 
structural equation modeling (SEM). There 
were 1010 students from the existing 

five public high schools in Jambi city, 
Indonesia, participating in the research. 
Three self-report questionnaires including 
(1) WIHIC, (2) CLASS, and (3) MSLQ were 
used to collect the research data. The data 
analysis showed that students’ beliefs 
were significantly and positively correlated 
with multiple dimension of self-regulation 
in learning physics (critical thinking 

and peer learning); while the dimension 
of sense-making and problem-solving 
ability significantly related to the affective 
component of self-regulation (test anxiety). 
However, the dimension of students’ 
beliefs did not have any significant effect 
on all of the self-regulation components. 
Additionally, learning environment 
dimensions were significantly related to 
students’ beliefs about physics on the 
dimension of conceptual connection 

and related to all of the self-regulation 
dimensions. 
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the content of physics knowledge (conceptual understanding - formula), and (3) beliefs about the physics learning 
process (authority - independent). Hammer (1994a) described that students with beliefs that the structure of 
physics knowledge is coherent, emphasizing on conceptual understanding, and learning as a process of applying 
and modifying knowledge itself, tended to have better performance in solving physics problems. Contrary to that, 
students who have beliefs that physics is a collection of facts and formulas that must be memorized tend to fail to 
replace misconceptions with scientific ideas and have the low reasoning ability (Qian & Alvermann, 2000). Similarly, 
Sahin (2010) noted that students with sophisticated beliefs at the beginning of the semester tend to obtain higher 
concept comprehension scores at the end of the semester than students with negative beliefs. 


Research Problems 


Students’ beliefs can be constructed, changed and strengthened. According to Tsai (2000) how the teacher 
explains the scientific concept and organizes information plays a vital role in the construction of students’ beliefs. 
Furthermore, Tsai (2000) explained that students desire a learning environment which provides opportunities 
to interact with one another, integrate their prior knowledge and experience in the learning process, think 
independently and solve problems related to everyday life. In the same vein, Madsen, McKagan, and Sayre (2015) 
stated that teaching method and strategies which explicitly focus on developing models from the world of physics, 
including instructional strategies centered on inquiry activities, modeling instruction, physics, and everyday 
thinking resulted in a positive shift on students’ beliefs in pre-test and post-test. This learning model involves 
students working in small groups to experiment and obtain evidence to build models from the world of physics. 

Previous studies report that students’ beliefs will influence academic performance (Cano, 2005), motivation (Lin, 
Deng, Chai, & Tsai, 2013), self-efficacy and attitude (Kapucu & Bahcivan, 2015), and learning strategies (Dahl, Bals, 
& Turi, 2005). Research findings by Dahl et al. (2005) showed that the less students believe knowledge is organized 
in a complex system (naive beliefs), the more they tend to report using rehearsal strategies, and the less they tend 
to report using organization and metacognitive strategies. Although all of the previous studies have explored the 
correlation between students’ beliefs with various learning outcomes, none of these studies have explored the 
correlation between learning environment, students’ beliefs, and self-regulation simultaneously. Therefore, the 
main purpose of this research was to study about the correlation between learning environment, students’ beliefs, 
and self-regulation (motivation and cognitive and metacognitive component) in learning physics. 

Based on the aforementioned research, it can be concluded that beliefs are a determining factor for students’ 
success in understanding and applying physics in everyday life. As Kortemeyer (2007) said students with positive 
beliefs were students who understood the characteristics and process of construction of physics knowledge, 
and were able to monitor, evaluate, and improve the learning process. Nevertheless, students’ beliefs could be 
constructed, changed, and strengthened. Research in education showed the pivotal key that played an important 
role in beliefs construction was the learning environment (Madsen et al., 2015; Ozkal, Tekkaya, Cakiroglu, & Sungur, 
2009; Tsai, 2000). In addition, research has proven that students’ beliefs influenced their motivation and their learning 
approach (Cano, 2005; Kapucu & Bahcivan, 2015; Ozkal et al., 2009; Tsai, Jessie Ho, Liang, & Lin, 2011). 


Research Focus 


Although the relation between learning environment, students’ beliefs, and learning approaches has been 
analyzed in a wealth of studies, few studies have been done to explore the interaction between these variables in 
the physics domain. Moreover, no research about which psychosocial factors of learning environment have the 
most influence on beliefs’ construction and students’ self-regulation, as well as how these beliefs influence students’ 
self-regulation (motivation component and cognitive and metacognitive component) in learning physics has been 
conducted. Therefore, the aim of this research was to explore a model of structural correlations between the learning 
environment, students’ beliefs and self-regulation in learning physics, as guided by the following research questions: 

1. Which psychosocial factors of the learning environment have the most salient influence on students’ 
beliefs about physics and learning physics? 

2. Which psychosocial factors of the learning environment have the most salient influence on students’ 
regulation in learning physics, both in motivation and learning strategy aspects? 

3. Which dimensions of student’ beliefs have the most prominent influence on students’ self-regulation 
in learning physics? 
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Research Methodology 
General Background 


The conceptual framework of this research is based on the cognitive social theory that forms the basis for the 
development of constructive and cooperative learning models. According to the cognitive social theory, learning 
process occurs due to the reciprocal triadic between personal factors (students’ beliefs), external factors (learning 
environment), and behaviors (self-regulation). Based on this existing theoretical framework, the researchers 
recommended a research model as seen in Figure 1. 
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Figure 1. Research model. 


The researcher's assumptions in this research were as follows: (1) psychosocial factors of classroom learning 
environment positively correlate with students’ beliefs about physics; (2) students’ beliefs positively correlate with 
the use of self-regulation in learning physics, (3) learning environment positively correlates with students’ self- 
regulation in learning physics. 

The researchers used the What is Happening in This Class (WIHIC) questionnaire to assess students’ perception 
of the classroom learning environment (Aldridge, Fraser, & Huang, 1999; Fraser, Fisher, & McRobbie, 1996). The 
WIHIC consists of seven dimensions of psychosocial factors of the learning environment (cohesiveness, teacher 
support, investigation, involvement, task orientation, cooperation, and equity) that are developed based on human 
environmental theory initiated by Moos and Trickett (1987). In the theory, Moos et al. (1987) divided the human 
environment into three dimensions, namely relationship, personal development, and system maintenance and 
change. Students’ cohesiveness, teacher support, and involvement fell into the relationship dimension according 
to Moos’ scheme. While investigation, task orientation, and cooperation are parts of the personal development 
dimension. The last component, equity was a part of the system maintenance and change dimension. 

Students’ beliefs about physics and learning physics were assessed using The Colorado Learning Attitudes 
about Science Survey (CLASS) which was developed by Adams, Perkins, Dubson, Finkelstein, and Wieman ( 2005). 
The CLASS is developed based on the other established instruments that measure students’ attitudes and beliefs 
about physics, such as the Maryland Physics Expectation Survey (MPEX), the Views about Science Survey (VASS), 
the Epistemological Beliefs Assessment, and Fishbein’s theory of attitudes (Ajzen & Fishbein, 1977). The original 
version of CLASS consists of eight categories, namely: real-world connection, personal interest, sense-making/ 
effort, conceptual connections, applied conceptual understanding, problem-solving (general), problem-solving 
(confidence), and problem-solving (sophistication). In the current research, the researchers used CLASS in Bahasa 
Indonesia version which was adapted and modified by Tanti et al. (2018). The Indonesian version of CLASS 
questionnaire comprises three categories, namely personal interests, sense-making & problem-solving, and 
conceptual connections. 
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The Motivated Strategies for Learning Questionnaire (MSLQ) developed by Pintrich, Smith, Garcia, and 
McKeachie (1991) was used to assess students’ self-regulation in learning physics. The MSLQ is based on a general 
social-cognitive view of motivations and learning strategies, in which students represent as active agents of 
knowledge construction. The MSLQ consists of two categories, namely motivations which are divided into six 
components (intrinsic goal orientation, extrinsic goal orientation, task value, control beliefs, self-efficacy, and test 
anxiety) and learning strategies which are divided into nine components (rehearsal, elaboration, organization, 
critical thinking, metacognitive self-regulation, time and study environment, effort regulation, peer learning, and 
help-seeking). 

Based on Figure 1, the researchers predicted that the seven components of the psychosocial learning 
environment (cohesiveness, teacher support, investigation, task orientation, cooperation, equity, and involvement) 
are positively and significantly related to students’ beliefs component (personal interest, sense-making & problem- 
solving skills, conceptual connection). In addition, the researchers predicted that each component of the learning 
environment is positively and significantly related to the self-regulation in learning physics, both in the motivation 
components (intrinsic goal orientation, goal orientation, task value, control of learning beliefs, self-efficacy, anxiety 
test), as well as cognitive and metacognitive strategy components (rehearsal, elaboration, organization, critical 
thinking, metacognitive, time & research environment, effort regulation, peer learning, and help-seeking). 


Sample 


The respondents of this research involved 1,010 students from grade XI of the existing five public high schools 
in Jambi City, Indonesia. All students registered in grades XI participated in the survey. Before the data analysis, 
the researchers “cleaned and accounted” the data from errors and those of uncompleted ones (Creswell, 2012). The 
process of the data cleaning included checking the students’ responses on each item in the research instrument 
to make sure that all statements were completed by the respondents; the process of re-ranking of each negative 
statement was also conducted simultaneously. As a result, 1,003 respondents were considered eligible for the 
following data analysis phase. Table 1 summarizes the number of respondents based on genders: 


Table 1. Respondents’ demography based on genders. 


Gender Number Percentage 
Male 346 34.5 

Female 657 65.5 
Total 1003 100 


Instruments, Procedures, and Data Analysis 


The researchers used three self-report instruments: CLASS to assess students’ beliefs about physics and learning 
physics (Adams et al., 2006), WIHIC to assess students’ perception about the learning environment (Aldridge et al., 
1999) and MSLQ ( Pintrich, Smith, Garcia, & McKeachie, 1991) to assess students’ self-regulation. The CLASS and MSLQ 
questionnaires were originally developed in English language. To obtain a valid and reliable measurement used in the 
context of learning in Indonesia, the CLASS and MSLQ questionnaires were first adapted into the Indonesian version. 
The translation process of these both questionnaires was conducted through standard translation methodology, 
which includes translation, verification, and modification. All of the items were translated into Bahasa Indonesia. 
The result was then validated qualitatively by two lecturers from the Department of Physics Education (bilingual). 
The feedbacks provided by the validators were adopted as the basis for improving the translation versions of the 
questionnaires. 

For this research, the researchers conducted two stages of the data analysis, exploratory factor analysis (EFA), 
and confirmatory factor analysis (CFA). Hair Jr, Hult, Ringle, and Sarstedt (2017) explained that EFA and CFA tests 
cannot be done by using the same data-set as it would amount to mere data fitting rather than testing theoretical 
constructs. Hence, the researchers divided the data into two parts, namely “odd” and “even” data. The odd data- 


392 


TRS https://doi.org/10.33225/jbse/19.18.389 


Journal of Baltic Science Education, Vol. 18, No. 3, 2019 


= F LEARNING ENVIRONMENT, STUDENTS’ BELIEFS, AND SELF-REGULATION IN LEARNING 
ISSN 1048 3898 oy PHYSICS: STRUCTURAL EQUATION MODELING 
ISSN 2538-7 138 /oniine/ (P. 389-403) 


set was used for factor analysis (EFA) test using SPSS version 21.0, while even data-set was used for confirmatory 
factor analysis (CFA) test using PLS-based SEM (PLS-SEM). Table 2 summarizes the “odd” and the “even” research 
data based on the respondents’ genders. 


Table 2. Odd and even data based on genders. 


Odd Even 
Gender 
Number Percentage Number Percentage 
Male 167 33.2 179 35.80 
Female 336 68.8 321 64.20 
Total 503 100 500 100 


The EFA was conducted on the CLASS questionnaire to measure students’ beliefs about physics and learning 
physics. The EFA test on the CLASS questionnaire was performed for several reasons. First, the original version of 
the CLASS questionnaire consists of 41 statement items, in which 26 of the 41 are grouped into eight overlapping 
dimensions. The eight dimensions are real-world connections, personal interest, sense-making and effort, conceptual 
connections, applied conceptual understanding, problem-solving general, problem-solving confidence, and 
problem-solving sophistication. This means one item can fit into two or more dimensions. For example, item #11: 
“lam not satisfied until | understand why something works the way it does”. This item falls into two dimensions, 
namely personal interest and sense-making / efforts. The same tendency occurs in other items, indicating that 
the resulting constructs are not unidimensional. While the remaining 16 items are not categorized into the 
previous eight dimensions, because they have not received a response from experts. Second, the evaluation of 
the psychometric characteristics of the CLASS questionnaire was only performed by one researcher (Douglas, Yale, 
Bennett, Haugan, & Bryan, 2014). Douglas et al. (2014) stated that based on EFA and CFA analysis, there are 15 items 
of validity statement and 26 categories of the CLASS questionnaire which are categorized into three dimensions, 
namely personal application and relation to the real world, problem-solving/ learning, and effort/sense-making. 
Based on these reasons, the researchers decided to conduct an analysis with the same stages as to the CLASS 
questionnaire to obtain a valid and reliable instrument, which is used to measure students’ beliefs on physics and 
physics learning by the context of socio-cultural conditions of Indonesia. 

The second test conducted in this research was Confirmatory Factor Analysis (CFA). The CFA test was performed 
to analyze the convergent validity of beliefs dimension produced through the EFA test, as well as to evaluate the 
internal reliability of the MSLQ questionnaire used to measure the students’ self-regulation in learning physics. The 
CFA test was also conducted to analyze the structural model of the correlation between the three latent variables 
of the research, i.e., learning environment, beliefs, and self-regulation of students in researching physics. 

The researchers also conducted EFA and CFA instrument validation. Cronbach's aloha and composite reliability 
for each instrument were examined. Finally, the researchers performed structural equation modeling (SEM), which 
is based on variance (PLS-SEM) to analyze the fit of the proposed model in Figure 1. The PLS approach is Asymptotic 
Distribution Free (ADF), meaning that the analyzed data do not possess a certain distribution pattern, it can be 
nominal, category, ordinal, interval, and ratio. 


Research Results 


The initial assumption tests showed that the value of Kaiser-Meyer-Olkin was .862 and of Bartlett's Test of 
Sphericity was 2916.252, which was statistically significant (p<.001). Both values indicated that initial requirements 
for factor analysis were fulfilled; since the value of KMO was >.5 and that of Bartlet’s Test of Sphericity was < 
.05 (Pallant, 2011). Principal component analysis with orthogonal rotation (varimax) on 26 items of the CLASS 
questionnaire resulted in 5 factors of students’ beliefs with Eigen value of >1 and total variance of 46.259%. However, 
the analysis of the scree plot showed fractures over the three dimensions, as shown in Figure 2: 
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Figure 2. Screeplot of students’ beliefs. 


Based on Figure 2 above, it was decided to take the three factors of students’ beliefs with a total variance of 
40.896%. The examination of communalities indicated that there were five items that had a value of < 0.3; those 
were items #1, #5, #10, #25, and #37. According to Cabrera-Nguyen (2010) communalities value of < 0.3 shows the 
low relation between the items with the dimensions formed and should be excluded from the test; the remaining 
21 items were included in the retest of factor analysis. Loading factors and reliability of each dimension can be 
seen in Table 2. 


Table 2. —_— Loading factor and reliability of items from class questionnaire. 


Component 
Items 
Personal Interest Sense-Making & Problem Solving Conceptual Connection 
23 649 
33 642 
35 635 
13 611 
21 589 
32 5710 
12 008 
3 504 
30 540 
14 529 
20 482 
22 681 
15 641 
7 603 
20 O14 
24 460 
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Component 
Items 
Personal Interest Sense-Making & Problem Solving Conceptual Connection 
28 680 
31 641 
36 592 
19 068 
6 064 
Eigenvalue 4.670 2.196 1.723 
% Variance 22.236 10.457 8.203 
Cumulative % 22.236 32.694 40.896 
Reliability values 813 643 619 


The next step was to analyze the convergence and discriminant validity on the 21 items of CLASS resulting 
from EFA. The researchers also checked the convergence validity of MSLQ items. Convergent validity measures the 
magnitude of the correlation between constructs with latent variables, including individual item reliability, internal 
consistency, and average variance extracted (AVE). Individual item reliability was seen from the value of standardized 
loading factor. According to Hair Jr et al. (2017) the loading factor value of = .7 is said to be ideal, meaning that the 
indicator validly measures the constructs it establishes. Another opinion is put forward by Haryono (2017), based 
on empirical research, that the value of loading factor = .5 is acceptable. Thus, the loading factor value of < .5 must 
be dropped from the research model. The CFA test result showed that out of the total of 21 items of the CLASS 
questionnaire, there were several items that had a loading factor value of < .5 so that they were dropped from 
the model (item #3, #12, #13, #14, #19, #20, #21, #23, #27, #33, and #36) — resulted in ten valid items of the CLASS 
questionnaire, which were categorized into three dimensions, namely personal interests (3 items), sense-making 
& problem solving (4 items), and conceptual connection (3 items). Table 4 shows the item loadings, composite 
variance, and average variance extracted of each of the CLASS and MSLQ dimensions. 


Table 3. Item loadings, composite variance, and average variance extracted. 


Average Variance Extracted 


Latent Variable Item Loading Factor (AVE) Composite Reliability 
13 861 
Personal Interest 25 658 502 146 
33 577 
7 655 
15 135 
Maki Probl Ivi 
Sense Making &Problem Solving 0 757 517 810 
24 715 
6 657 
Effort & Real-World Connection 28 817 564 194 
31 169 
1 107 
16 149 
Intrinsi | Orientati 
ntrinsic Goal Orientation 0 734 545 827 
24 163 
7 125 
11 TAT 
Extrinsi | Orientati 
xtrinsic Goal Orientation 13 800 559 835 
30 15 
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Average Variance Extracted 


Latent Variable Item Loading Factor Composite Reliability 


(AVE) 
10 .659 
il .670 
Task Value 23 152 044 .856 
26 .808 
27 186 
150 
9 .640 
Control of Learning 18 761 515 .808 
25 112 
12 126 
15 136 
Self-Efficacy for Learning & Performance - wie 007 .860 
29 119 
31 117 
6 698 
8 894 
Test Anxiety 14 143 022 154 
28 463 
39 711 
46 115 
Rehearsal 59 709 19 811 
72 683 
53 .669 
64 141 
Elaboration 67 136 007 837 
69 154 
81 655 
32 131 
a 42 854 
Organization 49 669 046 826 
63 .688 
38 110 
- tas 47 178 
Critical Thinking 51 681 007 804 
71 .676 
36 123 
41 105 
44 133 
Metacognitive 04 662 002 .876 
eke) Tog 
56 135 
61 659 
35 134 
Time & Research Environment 43 193 Dor 190 
13 709 
48 .858 
Effort Regulation 74 800 .688 815 
34 .685 
Peer Learning 45 161 047 183 
50 769 
58 693 
Help-Seeking 68 166 020 164 
15 102 
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Based on Table 3, all values of loading factors are = .5, so it can be concluded that the validity of the CLASS 
questionnaire is good at the item level. Furthermore, at the level of construction, the composite value of reliabil- 
ity is high with values ranging from .74 to .86. According to Hulland (1999), the value of the composite reliability 
limit is the same as Cronbach's alpha = .7. The higher the composite reliability (CR) value, the higher the contribu- 
tion of the construct in the measurement model. The final criterion of convergent validity is the measurement 
of the average variance extracted (AVE) for each construct. The AVE value describes the variance or variability 
of the manifest variables that the latent construct can have (Haryono, 2017). Hair Jr et al. (2017) recommends a 
minimum of 0.5 AVE to indicate an excellent convergent validity measure. Based on Table 4 above, AVE values for 
all components are above the minimum value, ranging from 0.5 to 0.6. So, based on the value of loading factor, 
composite reliability, and AVE, it can be concluded that both CLASS and MSLQ have good convergence validity. 
Discriminant validity measures the extent to which latent variable constructs are empirically different (Aldridge, 
Afari, & Fraser, 2013). Table 4 and 5 show that the square root of the average variance (AVE) for each construct is 
larger than inter-construct correlation. 


Table 4. Discriminant validity of CLASS questionnaire. 


Latent Variable CC PI SM & PS 
CC 751 
P| -.080 109 
SP&PS -.213 416 119 


Table 5. Discriminant validity of MSLQ questionnaire. 


CL CT ER Ela EG HS IG Met Org PL Reh SE TO TV’ TA. TSE 
CL 117 


CT | 419 = .712 

ER | 419 551 ~~ .829 

Ela | 423 692 581 8 ./12 

EG } 632 330 429 328 #8 .748 

HS | 418 549 611 628 402 721 

IG 087 99314865887 897 «738 

Met | 440 726 533 735 8§=©.283 ©5538) = 616 ~—.709 

Org | 408 690 929 725 336 6.928) 6662606=— 739771 

PL | 448 640 515 608 369 546 578 694 684 739 
Reh | 417 3.707) S568) 70383383 055697138 91S 628 ~~ 7220 

SE | 569 611 454 599 478 419 723 623 650 628 593 38.712 

TO | 276 =.313 245 38038) 282266 ~=—S 61S 3809) 346259806397 S712 

TV | 647 599 467 599 439 431 781 627 635 629 593 8.738 86.353) 737 

TA | 927) 353314310571 875 ANS 335321 3438321 448 22640222 
TSE |} 485 588 621 601 455 603 524 627 636 635 644 591 364 562 388 746 


Note: the bold value in the diagonal are the square roots of average variance extracted, cc=conceptual connection, pi=personal 
interest, sm &ps = sense-making & problem-solving ability, cl=control of learning, CT=critical thinking, ER=Effort Regulation, 
Ela=Elaboration, EG=Extrinsic Goal, HS=Help Seeking, |G=Intrinsic Goal, Met=Metacognitive, Org=Organization, PL=Peer Learning, 
Reh=Rehearsal, SE=Self Efficacy, TO=Task Orientation, TV=Task Value, TSE=Time & Research Environment 
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The amount of influence between constructs and interaction effects (moderation) is measured by the value 
of the coefficient path (path coefficient). Path coefficient that has statistic value of = 1.96 or has p-value of < .05 
expresses significance. The results indicate that 30 of the 168 possible correlation are statistically significant (p < 
.05) and all of the statistically significant correlation are positive in direction. The Path coefficient and t-value for 
each hypothesis are positive and significantly related in the research model, as shown in Table 6 below: 


Table 6. Path coefficient. 


Hypotheses t -values p values Conclusion 
Cohesiveness -> Conceptual Connection 2.391 017 Significant 
Cooperation ->Peer Learning 2.642 .008 Significant 
Cooperation -> Self Efficacy 1.993 047 Significant 
Equity -> Conceptual Connection 2.379 018 Significant 
Investigation ->Critical Thinking 1.995 .046 Significant 
Investigation -> Elaboration 2.175 .030 Significant 
Investigation ->Intrinsic Goal 3.904 .001 Significant 
Investigation ->Metacognitive 3.178 .002 Significant 
Investigation -> Organization 2.195 028 Significant 
Investigation ->Self Efficacy 1.999 046 Significant 
Involvement ->Peer Learning 1.984 .050 Significant 
Involvement ->Time & Research Environment 2.172 .030 Significant 
Personal Interest->Critical Thinking 2.249 025 Significant 
Personal Interest->Peer Learning 1.906 057 Significant 
Sense-Making & Problem-Solving ability->Test Anxiety 1.921 .055 Significant 
Task Orientation -> Control of Learning 2.388 017 Significant 
Task Orientation -> Critical Thinking Sol2Z .001 Significant 
Task Orientation -> Effort Regulation 2.905 012 Significant 
Task Orientation -> Elaboration 3.103 .002 Significant 
Task Orientation -> Extrinsic Goal 2.189 .005 Significant 
Task Orientation -> Help-Seeking 2.879 .004 Significant 
Task Orientation ->Intrinsic Goal 4.653 .000 Significant 
Task Orientation -> Metacognitive 2.851 .004 Significant 
Task Orientation -> Organization 3.837 .000 Significant 
Task Orientation -> Rehearsal 3.219 .001 Significant 
Task Orientation -> Self Efficacy 5.183 .001 Significant 
Task Orientation -> Task Value 4.975 .000 Significant 
Task Orientation -> Test Anxiety 227. .020 Significant 
Task Orientation -> Time & Research Environment 4.345 .001 Significant 
Teacher Support -> Conceptual Connection 2.211 018 Significant 
Teacher Support -> Control of Learning 1.980 .050 Significant 
Teacher Support ->Extrinsic Goal 2.249 025 Significant 
Teacher Support ->Test Anxiety 2.407 .016 Significant 


From Table 6, the researchers can conclude that three out of seven learning environment scales (cohesiveness, 
equity, and teacher support) most likely influence students’ beliefs, especially on conceptual connection dimen- 
sion. While, the learning environment scales that are closely related to students’ self-regulation in learning physics 
is investigation, task orientation, and teacher support. The findings also indicate that teacher support is likely to 
correlate both students’ beliefs and self-regulation in learning physics. Additionally, all dimensions of students’ 
beliefs significantly correlate with both motivation scale (test anxiety) and learning strategy scales (critical thinking 
and peer learning) of students’ self-regulation in learning physics. All these statistically significant correlations are 
represented in the model as in Figure 3. 
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Figure3. Thet-value of the Structured Model (t > 1.96). 


Discussion 


This research aimed to analyze the structural correlations between the learning environment, students’ be- 
liefs, and self-regulation in learning physics. The CLASS questionnaire developed by Adams et al. (2006) is used to 
measure student beliefs about physics and learning physics. Before using, the CLASS questionnaire was adapted 
into the Indonesian version. The validation process through the EFA and CFA obtained three factors of students’ 
beliefs, namely problem-solving abilities (4 items), conceptual understanding (3 items), and effort & real-world 
connection (3 items). The values of composite reliability for the three dimensions of the beliefs were .812, .805 
and .754 respectively for the factors of problem-solving ability, conceptual understanding, and effort & real-world 
connection. The result of the validation of the Indonesian version of the CLASS questionnaire was in line with the 
analysis conducted by Douglas et al. (2014). The evaluation of the psychometric factor of the CLASS questionnaire 
conducted by Douglas et al. (2014) resulted in 15 valid items categorized into 3 dimensions, namely personal ap- 
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plication and relation to real world (6 items), problem-solving (5 items), and effort/sense-making (4 items), with 
Cronbach alpha reliability values of .80, .73, and .69, respectively. The difference in naming the constructs and the 
number of valid items were more due to the different cultural contexts that could have been understood differently. 

The MSLQ questionnaires were used to measure students’ self-regulation in learning physics. The research- 
ers adopted 15 self-regulatory scales of The Motivated Strategies for Learning Questionnaires (MSLQ) developed 
by Pintrich et al. (1991). The 15 scales are categorized into two major components of self-regulation, namely the 
components of motivation (6 scales) and components of cognitive and metacognitive strategies (9 scales). The CFA 
test revealed the values of the composite reliability of 15 self-regulation scale ranging from 0.719 - 0.876. Similar 
results were reported by Pintrich et al. (1991), with internal Cronbach's alpha reliability values ranging from 0.52 
to 0.93. Based on the findings, it was concluded that the Indonesian versions of CLASS and MSLQ were valid and 
reliable to be used to measure beliefs and students’ self-regulation in learning physics. 

The relation between the learning environment, students’ beliefs, and self-regulation in learning physics were 
analyzed using structural equation-based variance modeling (PLS-SEM). The evaluation of the structural model 
showed that there was a positive and significant correlation between learning environment, students’ beliefs, and 
self-regulation, although this positive and significant relationship did not occur in all scales of research variables. 
The scales of the learning environment that has a positive and significant influence on the formation or construction 
of beliefs were cohesiveness, equity, and teacher support. These three scales of the learning environment had a 
positive and significant effect on the formation of beliefs, especially in the conceptual connection dimension. The 
conceptual connection measures the extent to which the beliefs the students have for the coherence of a physics 
topic with other physics topics. 

Hammer (1994a) explained that students who believe of physics knowledge structures are coherent, will 
emphasize their learning on conceptual understanding, and thus tend to have better performance in solving 
physics problems. Based on the result of structural relationship analysis, it can be concluded that students’ per- 
ceptions toward the three aspects of the psychosocial learning environment, namely cohesiveness, equity, and 
teacher support, have a positive and significant effect on their beliefs about the conceptual connection structure. 
It means that students will be encouraged to be actively involved in the learning process when they feel there is 
good social acceptance by peers, help from each other, and teachers’ support in their learning process. Students 
will not be embarrassed to be laughed at by their classmates when they make mistakes in working on questions 
or tasks assigned by teachers; besides, students will not hesitate to ask teachers when they encounter challenges 
in understanding the concepts of physics. 

The results of this research are in line with the studies conducted by Ozkal et al. (2009) and Tsai (2000). From 
the results of their research, Ozkal et al. (2009) found that students who have students’ perceptions of the classroom 
environments (including personal relevance, uncertainty, critical voice, and student negotiation) are positively 
correlated with students’ beliefs that scientific knowledge is tentative. Further Ozkal et al. (2009) explained that 
the classroom learning environment, which connects the learning process of science with the daily experiences of 
students, provides opportunities for students to share their science ideas with others, as well as to provide hands-on 
experience to students through inquiry activities in laboratories closely with the formation of tentative beliefs, i.e. 
beliefs that scientific knowledge is tentative or evolving. The same thing was stated by Tsai (2000), that students 
with perceptions of the classroom learning environment are constructivist, giving students the opportunity to 
discuss with peers and integrate the students’ initial knowledge with new knowledge taught by teachers, tend to 
have beliefs that science knowledge is constructivist. 

Concerning with the relationship between students’ beliefs and self-regulation in learning physics, the cur- 
rent research demonstrated that there is a positive relationship between students’ beliefs (personal interest and 
sense-making/ problem-solving ability) and self-regulation both in learning strategy components (critical think- 
ing and peer learning) and motivation component (test anxiety). The dimension of students’ beliefs, i.e. “personal 
interest” has a positive and significant effect on the learning strategy components of self-regulation, namely critical 
thinking, and peer learning. Critical thinking describes the extent to which students apply prior knowledge to new 
situations in order to solve problems, while peer learning describes students’ perceptions of learning experience 
where students share knowledge and discuss ideas (Pintrich et al., 1991). 

According to Redish (1997) and Halloun and Hestenes (1998), because beliefs are closely related to students 
perceptions about the characteristics of knowledge and how to obtain that knowledge, personal interest is an 
important part that will shape students’ beliefs about physics and the physics learning process. In other words, 
students will have strong beliefs if they realize that studying physics provides benefits for them, because it is 
relevant to what they experience in everyday life, and the skills needed to understand physical concepts such 
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as reasoning abilities which will be useful in their lives; while students will have naive beliefs, if they believe that 
studying physics is not related to what they experience in everyday life. 

The research findings above explain if students have sturdy beliefs on personal interests, they tend to feel more 
challenging and have the confidence to understand and solve complicated physics problems. These findings are 
consistent with the results of the previous research in which tentative beliefs were related to meaningful learning 
strategies, and they were mainly motivated by their interests and curiosity about science (Tsai, 1998). Additionally 
Chan, Ho, and Ku (2011), on their research about the relationship between epistemic beliefs and critical thinking 
of Chinese students showed that epistemic beliefs had specific effects on critical thinking and cognitive ability. 
Further, Chan et al. (2011) explained that students having beliefs that knowledge is being fixed and absolute (cer- 
tain knowledge) tend to have poor performance in everyday evaluative thinking and reduced cognitive ability. 

The research findings also show that the task orientation and investigation are the components of the learning 
environment which contribute the most significant influence to the students’ self-regulation in learning physics, 
both in the motivation and learning strategy component. Task orientation assesses the extent to which students 
perceive that it is crucial to complete the subject tasks and understand the goals of the subject. According to hu- 
man environment theory proposed by Moos et al. (1987), task orientation is part of the dimension of “personal 
growth” which emphasizes the accessibility (opportunity) of students to develop themselves and improve self- 
quality (self-enhancement) through various aspects such as achievement, competition, autonomy, and personal 
status (Velayutham, Aldridge, & Afari, 2013). These results indicate that teachers should pay attention to students’ 
learning objectives and ensure that students understand what is needed to complete the task. The findings support 
Velayutham et al. (2013) the suggestion that students need to be aware of the importance of completing planned 
activities and stay focus on the subject matter. 

Finally, the findings of the current research have also revealed that there are three learning environment scales 
that are significantly related to students’ beliefs about physics. These factors are students’ cohesiveness, equity, 
and teacher's support. The findings also show that students’ beliefs correlate with their self-regulation in learning 
physics. Another important result from the current research is that learning environment directly correlates with 
students’ self-regulation in learning physics both in motivational and learning strategies component. 


Conclusions 


The purpose of the research was to study about the structural correlations between learning environment, 
students’ beliefs, and self-regulation in physics learning. The findings show that three out of the seven psychosocial 
factors in the learning environment (cohesiveness, equity, and teacher support) have a positive and significant 
impact on students’ beliefs about physics and learning physics. The implication of these findings is that teachers 
need to pay attention to how to create a conducive learning environment that facilitates students to be able to 
work together and respect each other's opinions. Also, the teacher must provide equal attention to students, not 
to discriminate students, and support students to be successful in learning. The results revealed are significant in 
that the current study is one of the few studies conducted in Indonesia applying structural equation modeling 
(SEM) based on variance (PLS-SEM) which has commonly been used to develop a comprehensive model of correla- 
tion between individual aspects of students (student trust), learning environment, and self-regulation in physics 
learning. This research will contribute positively to all education stakeholders, curriculum developers, teacher 
educators, teachers, and students. The results provide new insights to understand why a curriculum designed to 
address students difficulties in understanding the concept of learning is not effective for some students. Information 
obtained from this research can be a theoretical foundation for curriculum developers in designing and developing 
science education curricula, especially in the field of physics so that the implementation of teaching and learning 
can facilitate students to gain direct, contextual, and student-centered experience. Finally, the current research 
will provide an important insight for physics teachers to explore students’ prior knowledge as a representation of 
their beliefs about physics so that teachers can design learning processes that can facilitate shifting of students’ 
beliefs from naive beliefs to expert beliefs. 


References 


Adams, W. K., Perkins, K. K., Dubson, M., Finkelstein, N. D., & Wieman, C. E. (2005). The design and validation of the colorado learn- 
ing attitudes about science survey. A/P Conference Proceedings, 790, 45-48. https://doi.org/10.1063/1.2084697. 


401 


https://doi.org/10.33225/jbse/19.18.389 LYH/TT 


Journal of Baltic Science Education, Vol. 18, No. 3, 2019 


LEARNING ENVIRONMENT, STUDENTS’ BELIEFS, AND SELF-REGULATION IN LEARNING ISSN 1648-3898 /Print/ 
PHYSICS: STRUCTURAL EQUATION MODELING 
(P. 389-403) ISSN 2538-7 138 /oniine/ 


Adams, W. K., Perkins, K. K., Podolefsky, N.S., Dubson, M., Finkelstein, N. D., & Wieman, C. E. (2006). New instrument for measuring 
student beliefs about physics and learning physics: The colorado learning attitudes about science survey. Physical Review 
Special Topics - Physics Education Research, 2(1), 1-14. https://doi.org/10.1103/PhysRevSTPER.2.010101. 

Ajzen, |., & Fishbein, M. (1977). Attitude-behavior relations: A theoretical analysis and review of empirical research. Psychological 
Bulletin, 84(5), 888. 

Aldridge, J. M., Afari, E., & Fraser, B. J. (2013). Influence of teacher support and personal relevance on academic self-efficacy and 
enjoyment of mathematics lessons: A structural equation modeling approach. Alberta Journal of Educational Research, 
58(4), 614-633. 

Aldridge, J. M., Fraser, B. J., & Huang, T.-C. |. (1999). Investigating classroom environments in Taiwan and Australia with multiple 
research methods. The Journal of Educational Research, 93(1), 48-62. https://doi.org/10.1080/00220679909597628. 
Cabrera-Nguyen, P. (2010). Author guidelines for reporting scale development and validation results in the Journal of the Society 
for Social Work and Research. Journal of the Society for Social Work and Research, 1(2), 99-103. https://doi.org/10.5243/ 

jsswr.2010.8. 

Cano, F. (2005). Epistemological beliefs and approaches to learning: Their change through secondary school and their influence on 
academic performance. British Journal of Educational Psychology, 75(2), 203-221. https://doi.org/10.1348/000709904X22683. 

Chan, N. M., Ho, I. T., & Ku, K. Y. L. (2011). Epistemic beliefs and critical thinking of Chinese students. Learning and Individual Dif- 
ferences, 21(1), 67-77. https://doi.org/10.1016/j.lindif.2010.11.001. 

Creswell, J. W. (2012). Educational Research: Planning, conducting, and evaluating quantitative and qualitative research. In P. A. 
Smith (Ed.), Pearson (4th ed.). 501 Boylston Street, Boston: Pearson Education. 

Dahl, T. |., Bals, M., & Turi, A. L. (2005). Are students’ beliefs about knowledge and learning associated with their reported use of 
learning strategies? British Journal of Educational Psychology, 75(2), 257-273. https://doi.org/10.1348/000709905X25049. 

Douglas, K. A., Yale, M. S., Bennett, D. E., Haugan, M. P., & Bryan, L. A. (2014). Evaluation of Colorado Learning Attitudes about 
Science Survey. Physical Review Special Topics - Physics Education Research, 10(2), 1-10. https://doi.org/10.1103/PhysRevS- 
TPER.10.0201 28. 

Duit, R., Niedderer, H., & Schecker, H. (2007). Teaching physics. In S. K. Abell & N.G. Lederman (Ed.), Handbook of research on sci- 
ence education (pp. 599-629). London: Routledge. 

Fishbein, M., & Ajzen, I. (2010). Predicting and changing behavior: The reasoned action approach. 270 Madison Avenue, New York: 
Psychology Press, Taylor & Francis Group. 

Fraser, B. J., Fisher, D. L., & McRobbie, C. J. (1996). Development, validation and use of personal and class forms of anew classroom 
environment instrument. In The Annual Meeting of the American Educational Research Association. New York. 

Hair Jr, J. F., Hult, G. T. M., Ringle, C. M., & Sarstedt, M. (2017). A primer on partial least squares structural equation modeling (PLS- 
SEM) (2nd ed.). Los Angeles: SAGE Publication. 

Halloun, |., & Hestenes, D. (1998). Interpreting VASS dimensions and profiles for physics students. Science & Education, 7(6), 553-577. 

Hammer, D. (1994a). Epistemological beliefs in introductory physics. Cognition and Instruction, 12(2), 151-183. 

Hammer, D. (1994b). Students’ beliefs about conceptual knowledge in introductory physics. /nternational Journal of Science 
Education, 16(4), 385-403. https://doi.org/10.1080/0950069940160402. 

Haryono, S. (2017). Metode SEM untuk penelitian manajemen: Amos, lisrel & PLS [SEM method for management research: Amos, 
lisrel, & PLS]. Jakarta: PT. Luxima Metro Media. 

Hofer, B. K., & Pintrich, P. R. (1997). The development of epistemological theories: Beliefs about knowledge and knowing and 
their relation to learning. Review of Educational Research, 67(1), 88-140. https://doi.org/10.3102/00346543067001088. 

Hulland, J. (1999). Use of partial least squares (PLS) in strategic management research: A review of four recent studies. Strategic 
Management Journal, 20(2), 195-204. 

Kapucu, S., & Bahcivan, E. (2015). High school students’ scientific epistemological beliefs, self-efficacy in learning physics and 
attitudes toward physics: A structural equation model. Research in Science and Technological Education, 33(2), 252-267. 
https://doi.org/10.1080/02635143.2015.1039976. 

Kortemeyer, G. (2007). Correlations between student discussion behavior, attitudes, and learning. Physical Review Special Topics 
- Physics Education Research, 3(1), 1-8. https://doi.org/10.1103/PhysRevSTPER.3.010101. 

Lin, T. J., Deng, F., Chai, C. S., & Tsai, C. C. (2013). High school students’ scientific epistemological beliefs, motivation in learning 
science, and their relationships: A comparative study within the Chinese culture. International Journal of Educational De- 
velopment, 33(1), 37-47. https://doi.org/10.1016/j.ijedudev.2012.01.007. 

Madsen, A., McKagan, S. B., & Sayre, E. C. (2015). How physics instruction impacts students’ beliefs about learning physics: A 
meta-analysis of 24 studies. Physical Review Special Topics - Physics Education Research, 11(1), 1-19. https://doi.org/10.1103/ 
PhysRevSTPER.11.010115. 

May, D.B., & Etkina, E. (2002). College physics students’ epistemological self-reflection and its relationship to conceptual learning. 
American Journal of Physics, 70(12), 1249-1258. https://doi.org/10.1119/1.1503377. 

McDermott, L. C. (1993). Guest comment: How we teach and how students learn X A mismatch? American Journal of Physics, 
61(4), 295-298. https://doi.org/10.1119/1.17258. 

Moos, R.H., & Trickett, E. J. (1987). Classroom environment scale manual (2nd ed.). Palo Alto, CA: Consulting Psychologists Press. 

Mulhall, P., & Gunstone, R. (2012). Views about learning physics held by physics teachers with differing approaches to teaching 
physics. Journal of Science Teacher Education, 23(5), 429-449. https://doi.org/10.1007/s10972-012-9291-2. 

Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: A review of the literature and its implications. /nternational 
Journal of Science Education, 25(9), 1049-1079. https://doi.org/10.1080/0950069032000032199. 


402 


WR https://doi.org/10.33225/jbse/19.18.389 


Journal of Baltic Science Education, Vol. 18, No. 3, 2019 


ISSN 1648-3898 /Print/ LEARNING ENVIRONMENT, STUDENTS’ BELIEFS, AND SELF-REGULATION IN LEARNING 
PHYSICS: STRUCTURAL EQUATION MODELING 
ISSN 2538-7 138 /oniine/ (P. 389-403) 


Otero, V. K. (2003). Cognitive processes and the learning of physics part |: The evolution of knowledge from a Vygotskian per- 
spective. Enrico Fermi Summer School in Physics, 409-445. Retrieved from papers2://publication/uuid/FF463D3B-83CA- 
4440-8FD5-0D79E0564284. 

Ozkal, K., Tekkaya, C., Cakiroglu, J., & Sungur, S. (2009). A conceptual model of relationships among constructivist learning envi- 
ronment perceptions, epistemological beliefs, and learning approaches. Learning and Individual Differences, 19(1), 71-79. 
https://doi.org/10.1016/j.lindif.2008.05.005. 

Pallant, J. (2011). SPSS Survival Manual. A step by step guide to data analysis using SPSS (4th ed.). Crows Nest, NSW: Allen & Unwin. 

Pintrich, P.R., AF Smith, D., Garcia, T., & McKeachie, W. J. (1991). A manual for the use of the Motivated Strategies for Learning Ques- 
tionnaire (MSLQ). Michigan: National Center for Research to Improve Postsecondary Teaching and Learning. 

Qian, G., & Alvermann, D. E. (2000). Relationship between epistemological beliefs and conceptual change learning. Reading & 
Writing Quarterly, 16(1), 59-74. https://doi.org/10.1080/105735600278060. 

Redish, E. F. (1997). Measuring student expectations in university physics: The MPEX survey. College Park, MD: Physics Education 
Research Group. 

Sahin, M. (2010). The impact of problem-based learning on engineering students’ beliefs about physics and conceptual under- 
standing of energy and momentum. European Journal of Engineering Education, 35(5), 519-537. https://doi.org/10.1080/ 
03043797.2010.487149. 

Tanti, Maison, Mukminin, A., Syahrial, Habibi, A., & Syamsurizal. (2018). Exploring the relationship between preservice science 
teachers ‘beliefs and self-regulated strategies of studying physics : A structural equation model. Journal of Turkish Science 
Education, 15(4), 79-92. https://doi.org/10.12973/tused.10247a. 

Tran, V. D. (2012). Predicting the attitudes and self-esteem of the grade 9th lower secondary school students towards mathematics 
from their perceptions of the classroom learning environment. World Journal of Education, 2(4). https://doi.org/10.5430/ 
wje.v2n4p34. 

Tsai, C.-C. (2000). Relationships between student scientific epistemological beliefs and perceptions of constructivist learning 
environments. Educational Research, 42(2), 193-205. 

Tsai, C. C. (1998). An analysis of scientific epistemological beliefs and learning orientations of Taiwanese eighth graders. Science 
Education, 82(4), 473-489. https://doi.org/10.1002/(SICI)1098-237X(199807)82:4<473::AID-SCE4>3.0.CO;2-8. 

Tsai, C. C., Jessie Ho, H. N., Liang, J. C., & Lin, H. M. (2011). Scientific epistemic beliefs, conceptions of learning science and self- 
efficacy of learning science among high school students. Learning and Instruction, 21(6), 757-769. https://doi.org/10.1016/j. 
learninstruc.2011.05.002. 

Velayutham, S., Aldridge, J., & Afari, E. (2013). Application of structural equation modeling in educational research and practice. 
In M. S. Khine (Ed.), Application of Structural Equation Modeling in Educational Research and Practice (pp. 115-133). https:// 
doi.org/10.1007/978-94-6209-332-4. 

Youn, I. (2000). The culture specificity of epistemological beliefs about learning. Asian Journal of Social Psychology, 3(1), 87-105. 
https://doi.org/10.1111/1467-839X.00056. 


Received: February 05, 2019 Accepted: May 22, 2019 


Maison PhD in Science Education, Associate Professor, Faculty of Education and 
Teacher Training, Jambi University, Jambi, Indonesia. 
E-mail: maison@unja.ac.id 
ORCID: https://orcid.org/O000-0002-4020-3051 


MSc, Lecturer, Faculty of Education and Teacher Training, Sulthan Thaha 
Saifuddin State Islamic University, Jambi, Indonesia. 

E-mail: tanti.tjang@gmail.com 

ORCID: https://orcid.org/O000-0003-0015-3931 


Syahrial PhD, Associate Professor, Faculty of Education and Teacher Training, 
Jambi University, Jambi, Indonesia. 
E-mail: syahrial.fkip@unja.ac.id 
ORCID: https://orcid.org/0000-0001-521 1-7313 


Syamsurizal Dr., Associate Professor, Faculty of Education and Teacher Training, 
Jambi University, Jambi, Indonesia. 
E-mail: syamsurizal68@unja.ac.id 
ORCID: https://orcid.org/0000-0002-5277-0205 





403 


https://doi.org/10.33225/jbse/19.18.389 LH 


